Many elderly patients often have difficulty swallowing some of the dosage forms (tablets, capsules, and powders) currently used. For this reason, the development of an appropriate dosage form for elderly patients is most desirable. Since the late 1980s, many companies have developed fastdisintegrating dosage forms that disintegrate easily in the mouth and can be taken without water. Cardinal Health marketed a fast-disintegrating, freeze-dried porous wafer known as Zydis 1, 2) and CIMA also marketed an effervescent tablet known as OraSolve.
Many elderly patients often have difficulty swallowing some of the dosage forms (tablets, capsules, and powders) currently used. For this reason, the development of an appropriate dosage form for elderly patients is most desirable. Since the late 1980s, many companies have developed fastdisintegrating dosage forms that disintegrate easily in the mouth and can be taken without water. Cardinal Health marketed a fast-disintegrating, freeze-dried porous wafer known as Zydis 1, 2) and CIMA also marketed an effervescent tablet known as OraSolve.
3) Eisai developed the EMP tablet, 4) and Ethypharm developed Flashtab. 5) A new fast-disintegrating tablet consisting of high-and low-compressibility saccharides was reported in a previous study. 6) Although famotidine was used as a model drug for the new fast-disintegrating tablet, it had an unpleasant taste. In fact, most of the fast-disintegrating technologies described above were not applied to bitter-tasting drugs. Consequently, in this study, attempts have been made to produce a taste-masked, fast-disintegrating tablet using famotidine as a model drug.
Various taste-masking technologies, such as the addition of sweeteners and flavors, coating with water insoluble materials, 7) creating a wax matrix by spray congealing, 8) adsorption to ion-exchange resin, 9, 10) and complexing with cyclodextrins 11) had been investigated. Water insoluble polymer coating technology was widely employed to control the initial dissolution rate and to suppress the bitter taste. Famotidine bulk powder was coated in a fluidized-bed granulator in an attempt to suppress the bitter taste, but this was not successful. Because the reproducibility of coating operation was not achieved due to the poor flowability of famotidine powder. Therefore, the spray-drying method was selected as an alternative to the powder coating method.
The objectives of this study were to determine the optimum formula and manufacturing conditions for producing taste-masked particles using the spray-drying method that could be applied to a fast-disintegrating tablet. If successful, this would result in a novel, taste-masked, fast-disintegrating tablet.
tidine was performed using the UV method at 265 nm.
Evaluation of Particle Surface Using Scanning Electron Micrographs
The surface morphology of the spray-dried particle was observed using scanning electron microscopy (JEOL, JSM-5510LV).
Determination of Particle Size Distribution The particle size distribution of famotidine bulk powder was measured using a Laser-Scattering Particle Distribution Analyzer (LA-910, Horiba). A robot sifter (RPS-85, Seishin Enterprise) was used for spray dried particles.
Results and Discussion
Setting the Target Dissolution Profile of Taste-Masked Particles In order to set the target dissolution profile, the bitterness threshold of famotidine had to be examined first via a sensory test using tablets containing famotidine in various concentrations. The results of the sensory test are shown in Table 1 . In the 1 mg tablet, some volunteers sensed a change in taste, but no bitterness. In the 2 mg tablet, 3 of 6 volunteers sensed the bitterness, and in the 5 mg tablet, all the volunteers did. Therefore, the bitterness threshold for famotidine was around 2 mg.
In the dissolution profile of the taste-masked particles, the following two points have to be taken into consideration: (1) the dissolution rate must be controlled during the initial period in order to suppress the bitterness, and (2) the tablets must dissolve rapidly in the stomach to have the same bioavailability as the conventional famotidine product. Therefore, the dissolution rate was measured at 1 min (D1 min) for the early phase, and then also at 15 min (D15 min).
The target dissolution rate for the early phase was set to be 30% or less at 1 min, based on the bitterness threshold and the disintegration time of tablets in the mouth (within 20 s). The bitterness of famotidine was sensed in the mouth at 2 mg, which is 10% of a 20 mg Tablet. Since the target disintegration time of the tablets is within 20 s, it is necessary to keep the dissolution rate at 20 s to within 10%, that is if the disintegrated tablet is swallowed immediately after disintegration. However, it is difficult to get reproducible dissolution rate results at 20 s. Therefore, the sampling time during the early phase was set at 1 min, and the target dissolution rate was set at 30%, three times higher than 10%. For the dissolution rate at 15 min, the reference products showed a rate of not less than 85%. Therefore, D15 min was set to be not less than 85%, with reference to the "Guideline for bioequivalence studies of generic products."
The particle size of taste-masked particles must also be taken into account because it affects not only the dissolution rate, but also grittiness. So, setting of the particle size was important so that the most desirable characteristics of a fastdisintegrating tablet could be met. The target particle size was set at 150 mm or less, which was based on reference material. 12) Consequently, the target characteristics of taste-masked particles are as follows: 1) Dissolution rate: not more than 30% at D1 min and not less than 85% at D15 min 2) Particle size: not more than 150 mm.
Screening of Ingredients for Taste-Masking In order to select an ingredient for bitter taste-masking that does not prolong oral disintegration time, the oral disintegration times of placebo tablets were measured. These tablets were prepared by mixing placebo granules consisting of mannitol and maltose together with various ingredients in a ratio of 80 : 20, respectively. The results showed that there was almost no prolongation of disintegration time for the tablets compounded with ethylcellulose, polyvinyl alcohol or stearic acid (shown in Table 2 ). However, the tablets compounded with stearic acid had a gritty texture and the hygroscopicity of polyvinyl alcohol was presumed to make its dissolution control difficult. Therefore, ethylcellulose was selected as the main ingredient for the taste-masking film and Aquacoat ECD30, an ethylcellulose aqueous dispersion was used for further study. Eudragit NE30D and triacetin were used as plasticizers for Aquacoat ECD30.
Effect of Pulverization of Famotidine Bulk Powder Famotidine bulk powder exists as needle-like crystals, and the mean particle size is around 30 mm even before pulverization. Therefore, the effect of pulverization of famotidine bulk powder on the characteristics of the spray-dried particles was examined, when the ratio of Aquacoat ECD30 to triacetin was 8 : 2, and the famotidine was coated in 40% under 6000 rpm of an atomizer rotation speed. When non-pulverized famotidine was used for spray drying, many spherical particles with spikes could be seen in the spray-dried particles when observed under the microscope (Fig. 1a) . The presence of a large number of big crystals more than 100 mm in diameter was considered to be the major cause of these spiky particles. Since the surfaces of these spike-like crystals were not completely coated with ethylcellulose, the taste of the famotidine bulk powder might not be masked sufficiently. Therefore, pulverization was deemed necessary for the manufacture of taste-masked particles. The particle sizes of famotidine bulk powder before and after pulverization by a sample mill are shown in Table 3 . After pulverization, the volumetric mean particle size in all 3 lots was almost the same, 15 to 16 mm. The maximum particle size also decreased from about 300 to about 100 mm, and there were almost no crystals with diameters over 100 mm. When the pulverized famotidine powder was used for spray drying, the surface was coated smoothly with ethylcellulose, and no 
not notified taste change, Ϯ: notified taste change, ϩ: slightly bitter taste, ϩϩ: strong bitter taste. famotidine crystals could be observed (Fig. 1b) . Furthermore, the crystallinity of famotidine in spray-dried particles was examined not to affect on stability or dissolution property. Figure 2 shows the X-ray diffraction patterns of spraydried particles and famotidine in spray-dried particles was confirmed to be present in a crystalline state. Consequently, famotidine powder pulverized by the sample mill was used for the remainder of the study. Evaluation of Spray-Dried Particles Consisting of Aquacoat ECD30 and Eudragit NE30D At first, the combination of Aquacoat ECD30 as the main masking ingredient and Eudragit NE30D as the plasticizer was investigated. The effect of the atomizer rotation speed and the solid concentration in the spray suspension on the characteristics of the spray-dried particles was examined preliminarily (Table 4) when the ratio of Aquacoat ECD30 to Eudragit NE30D was 7 : 3, and the famotidine was coated in 20%. The solid content (%) showed the concentration of famotidine and polymers in water and was adjusted by amount of water. When the solid content was 30% (SD1), many fine particles not more than 63 mm in diameter were produced. The number of fine particles tended to increase with increase in the atomizer rotation speed. As a result, the dissolution rate at 1 min was not well-controlled, and did not meet the target dissolution profiles. Consequently, the low solid content was not suitable for taste-masking. The mean particle size decreased with the increase in the atomizer rotation speed. The effect of the rotation speed was greater when the concentration of solids was 50% rather than 30%. The dissolution rate tended to decrease as the mean particle size increased. At a 50% concentration of solids (SD2), a good relationship between mean particle size and dissolution at 1 min was observed (R 2 ϭ 0.999). From these results, it was judged that manufacturing conditions would be difficult to control at a solid concentration of 30%, compared to 50%. Therefore, the remainder of the study was performed mainly with a solid content of 50%.
Next, the effect of the composition ratio of Aquacoat ECD30 and Eudragit NE30D on manufacturing and the dissolution rate was examined. The manufacturing conditions and the characteristics of the spray-dried particles obtained are shown in Table 4 (SD3). Spray drying was performed under the following conditions: the coating amounts to famotidine of 50%, a solid concentration of 50% in the spray suspension, and an atomizer rotation speed of 8000 rpm. When the ratio of Aquacoat ECD30 to Eudragit NE30D was 4 : 6 (SD3-1), spray-dried particles stuck on the bottom of the chamber of the spray dry equipment. This phenomenon was also observed with the 5 : 5 ratio (SD3-2), although it was slight. The chamber temperature was over 80°C, and was higher than the softening temperature of the coating films when the ratio was 4 : 6 and 5 : 5, which suggests that this might be a cause of sticking.
In contrast, all batches almost met the target dissolution profiles, D1 minϽ30% and D15 minϾ85%. The dissolution rate of the spray-dried particles obtained decreased with the increase in the amount of Eudragit NE30D as well as with the increase in mean particle size. In addition, the bitterness became more alleviated and the masking property was improved. Taking the sticking in the chamber and the initial dissolution rate at 1 min into consideration, the 6 : 4 ratio of Aquacoat ECD30 to Eudragit NE30D was selected, and the other manufacturing conditions were further investigated.
The effect of the coating amount to famotidine and the solid content of the spray suspension on the characteristics of spray-dried particles was examined, and the results are shown in Table 5 . For the 20% coating (SD4-1), the atomizer be- came clogged during spraying. This was considered to be due to exceeding volume of famotidine in the spray suspension. The 30% coating (SD4-2, SD4-3) contained many particles that were 150 mm or more in diameter due to the high solid content, which did not meet the particle size criterion. For the 50% coating (SD4-4, SD4-5), the dissolution rate was lower in the lots with higher solid content since the mean particle size increased with the increase in solid content. It should be noted, though, that all lots with 50% coating almost met the dissolution profile criteria. For the lots of SD4-5, SD4-6, and SD4-7 with 50%, 75%, and 100% coating amounts, respectively, the dissolution rate was almost the same. This indicates that increases in the amount of coating had no effect on the dissolution rate. This is probably due to the large surface area of the particles which kept the diffusion of famotidine constant, though the amount of coating changed from 50 to 100%. These results allowed the final composition and basic spraying conditions for Aquacoat ECD30 and Eudragit NE30D to be selected: the ratio of Aquacoat ECD30 to Eudragit NE30D: 6 : 4, the coating amounts: 50%, the solid content of the spray suspension: 50%. In contrast, the yield was calculated using particles weight recovered from only collection container and was not more than 90% in any of the lots. This was caused by the occurrence of sticking on the chamber wall, which was probably due to the small diameter of the chamber. This will be considered again in the scale-up study.
Evaluation of Spray-Dried Particles Consisting of Aquacoat ECD30 and Triacetin When triacetin was used as plasticizer instead of Eudragit NE30D, the effect of the ratio of Aquacoat ECD30 and triacetin on the dissolution rate was investigated by changing the ratio of Aquacoat ECD30 to triacetin so that it would fall in the range of 85 : 15 to 70 : 30. The manufacturing conditions and the characteristics of the spray-dried particles obtained are shown in Table 6 . The study was performed under the following conditions: the coating amounts to famotidine: 40%, the solid concentration in the spray suspension: 56%, and the atomizer rotation speed: 6000 rpm. When the ratio of Aquacoat ECD30 to triacetin was 70 : 30 (SD5-1), the handling was difficult because of rapid coagulation caused by the high viscosity of the spray-dried particles, however, there was no sticking on the bottom of the chamber. The dissolution rate of the spray- 1, 2, 3 ). Based on these results, the 80 : 20 ratio of Aquacoat ECD30 to triacetin was selected as the appropriate ratio. With reference to the results obtained with the Aquacoat ECD30 and Eudragit NE30D system, the spray dry conditions with the Aquacoat ECD30 and triacetin system were investigated. For the 100% and 50% coating amounts (SD6-1, SD6-2), the dissolution rate at 15 min was too low, and coating amounts of over 50% were not suitable for bioavailability. In contrast, the characteristics of taste-masked particles with 40% and 30% coating almost met the target dissolution profiles, therefore, the 40% coating amount was selected.
As with the Aquacoat ECD30 and Eudragit NE30D system, the yield did not reach the desired value. This issue should be addressed in the next scale-up study.
Scale-Up Study of the Spray Drying Process The scale-up study was performed using a pilot-scale spray dryer with 2.2 m chamber diameter. The formula, operating conditions, and properties of the spray-dried particles are shown in Table 7 . The objectives of the first scale-up study (SD7) were to evaluate the yield and compare the dissolution rate with that of the lab-scale particles. The lab-scale yield was very low at 40 to 80%, because the spray-dried particles stuck to the chamber wall. It was considered that the chamber diameter in lab-scale spray dryer was too small to obtain the 100 mm spray-dried particles. Therefore, the yield was expected to improve if the chamber diameter was increased in the scale-up study.
As shown in Table 7 , the yield was 93% and 92% for the Aquacoat ECD30-Eudragit NE30D and Aquacoat ECD30-triacetin formulas (SD7-1, SD7-2), respectively. As expected, the larger chamber diameter in the scale-up study prevented the material from sticking to the chamber wall, which improved the yield. However the dissolution rate of the pilotscale particles tended to be slightly slower than that of the lab-scale particles, even though the same formula was used.
The second scale-up study (SD8) was performed to improve the low dissolution rate at 15 min observed in the first study. Focus was placed on the combination of Aquacoat ECD30 and triacetin, and, to improve the dissolution rate, the coating amounts were decreased to 40%, which was the optimum proportion determined in the lab-scale (SD6-3). The results indicated that the size of spray-dried particles in the pilot-scale (SD8-1) was around 100 mm, and the dissolution rate was almost equal to that of the lab-scale particles. It was confirmed that a coating amounts of 40% was the best formula for both pilot-scale and lab-scale production.
The reproducibility of particle characteristics and yield on the pilot scale was investigated next. About 85 kg of spray suspension was used (SD8-2) for a 4-h continuous run test. The results showed that the dissolution rate and particle size of the spray-dried particles was almost the same as the previous short-run batch (SD8-1). This confirmed the reproducibility of particle characteristics after 4 h of continuous running. The feasibility of shortening the run time was investigated by increasing the spray rate through adjustment of inlet temperature and atomizer rotation speed (SD8-3). When the spray rate was doubled (350 g/min→700 g/min) by in- 534 Vol. 56, No. 4 creasing the inlet temperature to keep the same outlet temperature, spray-dried particles were manufactured without any problems, and the yield was more than 90%. The dissolution rate of the pilot-scale particles was within the target range, in fact, they were almost the same as those created on the lab-scale (Fig. 3) , and the taste was acceptable. These scale-up results indicated that the yield improved to more than 90% by increasing the chamber diameter. In addition, spray-dried particles were produced with the same dissolution rate and particle size quality as those created on the lab-scale. Reproducibility was confirmed, and it was possible to reduce the run time by doubling the spray rate through inlet temperature adjustment.
Conclusion
The taste-masking of famotidine for application to a fastdisintegrating tablet was investigated using the spray-dry method. The formulas and appropriate lab-sale manufacturing conditions were determined and the target dissolution profiles were completely accomplished. The size of the spray-dried particle was no more than 150 mm, which meant there would be no gritty feeling in patients' mouths. Spraydried particles of the same dissolution rate and particle size quality as the lab-scale particles were produced on the pilot scale. The reproducibility of these particles was also confirmed. These results indicated that the spray-dry method produced the most appropriate taste-masked particles for fast-disintegrating dosage forms.
